We study the problem of obtaining de Sitter and inflationary vacua from dimensional reduction of double field theory (DFT) on nongeometric string backgrounds. In this context, we consider a new class of effective potentials that admit Minkowski and de Sitter minima. We then construct a simple model of chaotic inflation arising from T-fold backgrounds and we discuss the possibility of trans-Planckian field range from nongeometric monodromies as well as the conditions required to get slow roll.
Introduction
It is clearly an important task to derive effective four-dimensional potentials from string theory that can describe all observed phenomenological properties of particle physics and cosmology. The list of phenomenological restrictions on the effective string potentials is rather long and challenging: one has to break supersymmetry in a controllable way, to explain the Higgs mechanism and the Standard Model symmetry breaking with great detail, as well as to address cosmological observations.
Focusing on applications to cosmology, we can list three main tasks: moduli stabilization, the creation of an inflationary potential and finally the generation of a small and positive cosmological constant. When discussing these problems, it is desirable to focus on the universal features rather than building on very model dependent details of particulars string vacua. Specifically, it is important to understand if the generic structure of the string landscape puts more severe restrictions on the form of the effective potentials compared to what comes out from gravity or supergravity in higher dimensions (for some discussion on this general issue see [1] [2] [3] ). An important example is the difficulty in building a string model with trans-Planckian range for the inflaton field [3] [4] [5] . In light of the recent cosmological observation of large tensor perturbation in the CMB reported by the BICEP2 collaboration, if confirmed, this restriction become crucial. Indeed, it is well known [6] that an observation of a large tensor perturbation would imply a trans-Planckian excursion for the inflaton. It is then critical to understand possible ways to evade constraints on inflaton field range in the string landscape 1 .
In this paper we will consider a class of effective potentials which originate from internal fluxes in the universal NS sector of the ten-dimensional type II superstrings. In addition to H-fluxes, at the level of the effective theory one can add additional fluxes, such as f -fluxes (derivatives of non-constant components in the internal metric) and more exotic non-geometric Q-fluxes, which can be viewed as derivatives of a bi-vector β. These kind of backgrounds can be described as T-folds, or compactifications with duality twists [11, 12] , which are in the simplest cases just fibrations of a two-dimensional torus T 2 over a one-dimensional base S 1 . They are characterized by the monodromy of the T 2 -fibre when going around the S 1 -base. The monodromy is encoded in a twist matrix M , which determine how the duality group O(2, 2) = SL(2, Z) × SL(2, Z) acts on the fibre when encircling the base. We will argue that such non-trivial monodromies allow the corresponding moduli (complex structure τ and the Kähler parameter ρ of the fibre torus) in the effective scalar potential to take values in bigger domains than the fundamental domains of SL(2, Z) τ × SL(2, Z) ρ . The role of such monodromies, as first noticed in [13, 14] , has important consequences for inflation, since in principle it can allows trans-Planckian field range of the inflaton (which in [13, 14] is identified with an axion). We note that T-duality is responsible for the non-trivial monodromies that extend the field range, while often it is precisely T-duality that makes attaining large inflaton range problematic [4] .
The background monodromies can belong to parabolic or elliptic conjugacy classes of the duality group [11, 15] (in addition there are also hyperbolic and sporadic classes). In the parabolic case, the range of the monodromy is indefinite, i.e. the fibre torus only comes back to its original shape after encircling the base infinitely many times. This situation allows for infinitely large field configurations. For example, the Nilmanifold used in the original axion monodromy model [13] is a geometric space with infinitely large monodromy. Applied to wrapped D4 branes this is what extends the inflaton range. The effective NS potentials from constant fluxes with parabolic monodromies have the following schematic form (in the Einstein frame):
Here ρ I denotes then internal volume modulus, σ corresponds to the dilaton field, and V H , V f , V Q , V R is the potential energy created by the corresponding constant fluxes H, f, Q, R (being quadratic in the fluxes, i.e. V H ∼ H 2 etc.) Note that in general not all fluxes can be turned on at the same time, but only one kind of flux on a three-dimensional space can be non-vanishing. Simple no-go theorems [16] [17] [18] show that these potentials do not have the desired properties for inflation, and up-lifts to stable Minkowski or de Sitter-vacua are not possible. 2 However some ways to relax these no-go theorems via geometric as well as non-geometric fluxes were discussed in [18] [19] [20] [21] [22] [23] . In addition, other ingredients such as NS 5-branes, anti NS 5-branes, KK monopoles can be introduced to stabilize some of the moduli and provide an uplift to a de Sitter vacuum [24] . 3 In this paper we will analyze instead elliptic flux backgrounds and their corresponding effective potentials. They provide a new class of geometric as well as non-geometric NS string backgrounds. We stress that a full understanding of truly non-geometric background is still lacking and quite challenging, since ten dimensional supergravity is of little use and in general one expects significant string corrections. While in some cases a worldsheet approach can be used (see for example [34, 35] ), it would be highly desirable to have an effective description that capture some of the main features of such backgrounds. One can indeed make progress from a supergravity description in four dimension [11, 36, 37] . In this paper we will make use of recent works [38, 39] to study ten dimensional consistency of such effective description 4 by using dimensional reduction of double field theory [47] [48] [49] [50] [51] . We will use the DFT tools to get some controls over nongeometric compactifcations and derive potentials in particular for elliptic backgrounds, to study their vacuum structure and their inflationary properties. The considered backgrounds are intrinsically non geometric, since they do not lie on an orbit which is T-dual to any known geometric compactification. We will show that the associated potentials with elliptic fluxes do allow for Minkowski vacua and we provide evidence that they can lead to de-Sitter vacua. We will also analyze the finite, elliptic monodromies in more detail. In contrast to the parabolic monodromies, they will lead to an enhanced field range not only for the axionic component of the complex modulus, but also for its imaginary part, which in particular describes the volume of the fibre torus inside the compact space.
We will then demonstrate that these monodromies can be nicely used for inflation, as they in turn lead to an enhanced field range for the inflaton field. Furthermore they also allow for the stabilization of all moduli ρ and τ of the fibre torus. This is possible since new terms will appear in the potential (1.1), created from the interplay between different fluxes, which will allow the uplift to Minkowski or de Sitter vacua.
We will also study if these elliptic potentials can be used to obtain a viable inflation, meeting some of the phenomenologycal restrictions from recent observations. We will show that we can obtain a potential which is almost quadratic in the directions of the real parts of the Kähler or complex structure moduli fields, thus providing a simple embedding of a chaotic inflation potential V (φ) = m 2 φ 2 [52] . We will then study if one can satisfies slow roll conditions for such potentials, and discuss about the allowed field range for the inflaton. As we will see, slow roll conditions will be possible only if one could tune the fluxes to be very small. However, a mildly enhanced field range for the inflation will be in fact possible due to elliptic monodromies of the backgrounds.
We stress however that these models, being basically the products of two 3-dimensional flux backgrounds, still have to be regarded as toy models. It is plausible that by considering more general six-dimensional spaces, it is possible to obtain different flux combinations that can naturally solve the slow roll conditions, thus giving more realistic cosmological models.
Effective Potentials
In this section we will consider a very simple model of T-fold backgrounds, closely related to asymmetric orbifold [53] , which illustrates some of the properties that we discussed before. Recently, this kind of backgrounds have also been studied from the point of view of consistent dimensional reduction of double field theory [39] , a fact that makes the study of our toy model more tractable. These spaces are non-geometric generalizations of twisted tori, such as Nil manifolds, where geometric as well as non-geometric NS fluxes can coexist at the same time. Furthermore these backgrounds have the property that they are in general not T-dual to any geometric space. Starting from the DFT action and performing a generalized Scherk-Schwarz ansatz, the corresponding background solutions are characterized by the requirement of the vanishing of the generalized DFT Ricci tensor. For simplicity, we will only consider the case of three compact dimensions, in which there are only two distinct solutions of these DFT field equations, called single elliptic and double elliptic cases. The double geometries in the internal direction of both cases correspond to fibrations where the doubled fiber is a fourdimensional torus T 4 over a doubled circle as base. The double elliptic case is not T-dual to a geometric description and it exhibits H-, f -and Q-flux at the same times and it is thus a truly non-geometric space (it cannot be written in terms of a globally well defined metric, B-field and dilaton). We remark that in order to be able to consider such spaces, one need a mild violation of the strong constraint of double field theory. Indeed, the Killing vectors do not satisfies the constraint and can depend both on the coordinates and the windings [39] .
In the effective lower-dimensional theory these solutions lead to Minkowski vacua with vanishing ground state energy. After performing the dimensional reduction, the effective action is described by a particular gauged supergravity potential, which is a function of the scalar field moduli of the (doubled) fibre torus, and whose discrete parameters are the H-, fand Q-fluxes of the DFT action. The obtained scalar potentials exhibit several interesting and new features, which make them also potentially interesting for cosmology and in particular for inflation.
Since they come from a consistent Scherk-Schwarz ansatz, the corresponding effective potentials are positive semidefinite with zero or positive energy minima in the moduli directions. In fact, the vanishing or, respectively, the positivity of the potential energy at the minimum of the potential is due to the contributions of geometric and non-geometric fluxes that precisely cancel each other, so that no extra uplifting terms, such as orientifolds and/or anti NS5-branes, are needed in order to obtain a zero cosmological constant. This leads to hope that the interplay among different kind of fluxes can evade the (in)famous no-go theorems about inflation and de Sitter vacua in flux compactifications.
We will now present the potentials obtained with the methods of [39] and study their minima, as well as the monodromies of the backgrounds. In the following section, we will examine inflationary properties of the effective potentials.
Potentials from reducing double field theory
Let us briefly review the main properties of the non-geometric backgrounds obtained in [38, 39, 53] . In general, we are considering three-dimensional spaces with non-vanishing H, f, Q, R fluxes 5 . They are solutions in a doubled space in which are topologically given as fibrations of a doubled torus over a doubled circle. The fibration is elliptic and of finite order (in contrast to parabolic fibrations, as e.g. the torus with constant H-flux and its T-dual versions, such as Nil manifolds). Different fibrations can be specified by so-called twist matrices (for details see [11] ), which are certain elements forming a Z N × Z M subgroup of of the modular group SL(2, Z) τ × SL(2, Z) ρ . For consistency, the monodromies of these 3-dimensional backgrounds can be only of the following finite orders: 6 N = 2, 3, 4, 6 .
(2.1)
Alternatively, these backgrounds can also be described in terms of H−, f −, and Q-fluxes. In DFT, all these fluxes are combined into a single, totally antisymmetric object (called covariant fluxes [54] [55] [56] [57] ):
Our discussion is formal since there is no clear definition of a space with R-flux. In any case we will shortly set R = 0.
6 For higher dimensional spaces, also higher orders in N like N = 12 are possible.
A generalized Scherk-Schwarz compactification of DFT [54, 58] gives rise to the scalar potential
Here H IJ is the generalized metric of a T 3 . Keeping in mind the fiber structure explained above, we parameterized this torus with five moduli: the complex structure τ = τ I + iτ I and the Kähler parameter ρ = ρ R + iρ I of the T 2 fibre and the radius R of the base. This parameterization gives rise to
In the following we deal with four flux parameters:
Then one obtains the following scalar potential in the moduli τ and ρ and R. 7 It reads
The base radius R is a flat direction of the potential and in the following we will set it to 1. The potential exhibits a different structure than the potential in eq.(1.1), since there are cross-terms that are proportional to the product of two different fluxes, namely f 1 f 2 and HQ respectively. These new terms that arise only for the elliptic backgrounds will be responsible for allowing stable Minkowski or de Sitter vacua. In DFT the fluxes cannot be arbitrarily chosen, but they are restricted by the strong constraint in the following way:
Requiring furthermore a Minkowski vacua in the effective seven-dimensional theory, the DFT equations of motion plus the constraint (2.7) give rise to
As discussed in details in [39] , there are only three kind of solutions:
This is a geometric background, analogous to a symmetric Z N orbifold [53] , constructed as a fibered torus with an elliptic monodromy.
(ii) f = 0, H = 0. This is a non-geometric T-fold, obtained by a T-duality 8 from the solution (i) and correspond to an asymmetric Z 2 orbifold. It has an elliptic monodromy in the Kähler parameter. (iii) f = 0, H = 0. This is a non-geometric background that does not belong to any T-dual orbit of a geometric space and corresponds to an asymmetric Z N orbifold. In the double field theory formulation, two coordinate charts are patched with diffeomorphisms, Band β-transformations at the same time [39] . While the strong constraint for the fluxes is satisfied, we stress that the Killing vectors violate this constraint and they have dependence on both the coordinates and momenta. These spaces have two elliptic monodromies in both complex and Kähler structure.
For a fibration which corresponds to an order N twist, the fluxes f 1 , f 2 , H, Q have to be quantized in units of 1/N . This is summarized in table 1. Now it is straight forward to obtain the scalar potential for the Z 4 case. Here we have that
For the Z 6 case with N = 6 monodromy and with f 1 = f 2 = H = Q = 1/6 one gets from eq.(2.6) after a field redefinition the following scalar potential
As mentioned before, the scalar potentials (2.6), (2.6) and (2.10) correspond to threedimensional compactifications from ten to seven dimensions. In order to obtain a fourdimensional effective theory, we can consider the product of two three-dimensional nongeometric backgrounds. In this case we have a potential V (τ (i) , ρ (i) ) (i = 1, 2) with two complex structure fields τ (i) and two Kähler fields ρ (i) . This would be simple a sum of the two potentials (2.6):
In this case we thus have eight different fluxes
However it would be also worth to consider other spaces with more general fluxes, which are not of this direct product structure.
Vacuum structure
We now show that the above potentials exhibit non-trivial stable minima due to the simultaneous presence of different kinds of fluxes. Since the potentials contain two independent terms, i.e. V = V (τ ) + V (ρ), let us focus only on one term, say V (ρ). The discussion for the other term is completely analogous.
Minkowski vacua
Let us first analyze the general potential given in eq. (2.6). Here we make the choice that the product HQ > 0. Then the potential eq.(2.6) possesses the following stable Minkowski minimum:
For the Z 4 case the potential (2.9) has its Minkowski minimum at 13) and for the Z 6 case the potential (2.10) has its Minkowski minimum at
With respect to this two scalar fields, we have a positive definite mass matrix in both cases.
de Sitter vacua
Now we relax the constraint by giving up the requirement of having a Minkowski vacuum with vanishing potential in the effective theory. Namely we want to assume that H and Q have different relative signs, i.e. HQ < 0. In this case one obtains a moduli space of stable de Sitter vacua with the following values for the moduli and the potential (here for the Z 4 case):
In oder to get a very small cosmological constant, one would therefore need very tiny values for the fluxes H and Q. However note that the radius R is not a flat direction any more:
A potentially better option is to consider a different class of potentials, derived in Appendix A. For example, for an SO(2, 2) gauging we obtain a potential
16) This potential is only valid up to second order in the moduli fields τ and ρ. For higher order one should also consider the five remaining moduli to a T 3 . The minimum of the potential is located at
One can also check that the four moduli ρ R , ρ I , τ R , τ I have all a positive mass of value 8H 2 .
Monodromies and field range
In this chapter will analyze the monodromies and the field ranges of the scalar fields in more detail. The monodromies of the background are always given in terms of some particular group element γ 0 of SL(2, Z). Furthermore recall that SL(2, Z) can be generated by the following group elements, denoted by T and S, which act on ρ (or τ ) in the following way:
However one can also choose the two group elements T and T S as generators of the modular group:
For the original monodromy inflation model of [13, 14] , the shift symmetry of the potential with respect to the axionic field is broken by a parabolic monodromy which is induced by a geometric f -flux or respectively by its T-dual H-flux. Therefore, in this case the monodromy is with respect to the SL(2, Z) group element γ 0 = T . It follows that due to the non-trivial monodromy the fundamental domain of SL(2, Z) gets unfolded infinitely many times, since the shift is of infinite order. This case is depicted in figure 1 . As one can see, the a priori finite field range of the axionic scalar field becomes indefinitely large due to the monodromy, i.e. due to the presence of the flux. Furthermore one can couple the closed string background to other probes, like D4-branes or D7-branes, which also feel the monodromy of the background and can be used to produce an inflaton potential.
In this paper we will discuss a slightly different case. Again we start with complex scalar fields, τ or ρ, whose field range is a priori restricted by the requirement that these fields can take only values inside the well-known fundamental domain of SL(2, Z). Now we will consider non-trivial elliptic monodromies which are associated to finite order elements γ 0 of SL(2, Z). Specifically we will take for γ 0 = S or γ 0 = T S. They will again unfold the fundamental domain of SL(2, Z), leading to a bigger region in field space, in which the fields can take their allowed values. In this way the original SL(2, Z) symmetry of the theory gets broken by the non-geometric fluxes to a particular subgroup of SL(2, Z), which possesses an enlarged fundamental region. Note that this effect will happen for the real as well as the imaginary parts of τ or ρ. In particular the imaginary fields, corresponding to the torus fibre volume in case of ρ, can take all possible positive real numbers, allowing also for sub-stringy volumes of the torus. This will then also allow for an enlarged field range of the inflation field φ, which is a combination of real and imaginary part of ρ, as we discuss in the next section of the paper. Also note that we do not need any other probes like D-branes or NS 5-branes for this effect to happen. In fact, the probes that feel the non-trivial monodromy are themselves (massive) closed strings.
In order to show the monodromy properties of the corresponding background, we consider ρ(X) as a function of the base coordinate X. For the case N = 4 the monodromy group elements is γ 0 = S. Then for the potential of eq.(2.9), we explicitly compute the monodromies of τ and ρ as follows: , one realizes that τ (X) and ρ(X) themselves become constants and they are thus independent from the value of the base coordinate X. In this case, the geometry is that of an left-right (a)symmetric orbifold. Hence the Minkowski minima of the potential just corresponds to orbifold points in the underlying geometry. For the monodromies we get that 21) and similarly for τ (X). It follows that the field range of ρ gets enlarged, namely the possible values for ρ are now given by the original fundamental domain F ρ of SL(2, Z) plus its image F ρ→−1/ρ under the transformation ρ → −1/ρ:
This is depicted in figure 2a) . We see that in particular the allowed field range of ρ I due to the non-trivial monodromy gets enlarged to
Therefore also sub-stringy values for the volume of the two-torus are possible. Next let us discuss the case N = 6. Here the monodromy is of order six and γ 0 = T S. The functions ρ(X) and τ (X) now take the following form: Now, we get that
and similarly for τ (X). The allowed values for ρ are now given by the sum of the three fundamental domains
This fundamental domain is depicted in 2b). We see that the field ranges both for ρ R as well as for ρ I are enlarged due to the nontrivial monodromy:
Non-geometric Inflation
In this section we will apply some of the properties of nongeometric backgrounds discussed above to study possible embeddings of inflationary potentials. Before we can analyze the inflationary properties of the non-geometric flux scalar potential we first have to go to a scalar field basis in which the inflation field has canonical kinetic energy. This can be done by knowing the Kähler potential of the complex fields ρ and τ in supergravity, which takes the following form
It follows that the kinetic energy langrangain for the scalar fields takes the following form 9 :
In the following we will simplify the discussion by considering only the ρ-dependence of the potential. The real part of ρ will basically play the role of the inflaton field φ, whose canonical normalization is:
Therefore we see that the inflaton is actually a particular combination of ρ R and ρ I . We see that the range of the inflation field φ is determined by the range of ρ R as well as by the range of ρ
−1
I . It can be large, provided ρ R can take large values, or alternatively, if the volume ρ I of the two-torus can be smaller than the string scale. We will come back to this issue at the end of this section. Our model for the inflaton potential then takes the following form:
where we defined:
For now we treat the fluxes H and Q as free parameters. For a given model with elliptic monodromy of order N we expect that
We will discuss shortly more constraints on the fluxes. Note that we also need to reintroduce appropriate mass dimensions. In the convention of dimensionful coordinates, the volume ρ I is dimensionless, while ρ R and the fluxes have mass dimension one. Also, we need to switch to the Einstein frame, which would amount to multiply the potential by one inverse power of the volume, i.e. by ρ −1 I (we are setting all other dimensions to one). It is now easy to see that the potential is minimized when V 0 = 0, which fixes the value of ρ I to a given value ρ ⋆ I . Plugging back this value in the potential then one gets the parameters:
where we defined dimensionless fluxes H ′ and Q ′ with H ′ , Q ′ ∼ 1 N . Now we can study the inflationary behavior of the potential with respect to φ. For this purpose we have to write the potential not as a function of the string mass M s but rather of the effective 4-dimensional Planck mass M P , given by
Performing this change of masses, we get the following result for the ratio between quartic and quadratic coupling:
(3.9)
We are interested in small value of ρ ⋆ I , for which this ratio would be given by (ρ ⋆ I ) 3 . It is thus controlled by the volume of the torus fibre. Hence, we learn that we requiring the quartic coupling λ to be much smaller then the mass m 2 , force the volume of the fibre torus to be smaller then the string scale! As one can see from eq.(3.3) this is precisely the condition which can enlarge the inflaton field range. As we discussed in section 2.3, such substringy volumes are in principle allowed by the elliptic monodromies and the breaking of the SL(2, Z) symmetry. In our simple Z 4 or Z 6 models one can get only a mild enlargement, since ρ ⋆ I corresponds to the orbifold limit which is fixed by the order of the monodromy. However, it is likely that one can construct models with higher order monodromy which can enlarge the inflaton range up to the phenomenologically relevant value, and contribute to suppress the quartic coupling in our model.
One can also make a short comment on higher order φ n (n > 4) terms in the potential. One can perhaps expect that the order n term gets a suppression which is of some power of ρ ⋆ I . In this case, since we are working at small sub-stringy volumes, these higher terms would not destroy the inflationary behavior of the scalar potential.
This raise the question of whether it makes sense to consider a volume smaller than the string length, since this would imply a string scale higher then then than Planck mass. To avoid this, one could try to use for example the τ modulus for inflation, for which one can apply the very same mechanism discussed above. In this way one can get a trans-Planckian excursion but one would need to explore more general models to get a small quartic coupling. This could be very probably achieved in a model with more fluxes. This investigation would clarify if the difficulties in obtaining trans-Planckian field excursions in string theory can be alleviated by using nongeometric backgrounds and if it is possible to do so in a regime where one can trust the effective description.
It would also be interesting to try to see if different monodromies (which perhaps do not admit a fixed orbifold point) could provide more general mechanisms. One could consider backgrounds with hyperbolic (or sporadic) monodromies. Potentials for this case have appeared for example in [15] , and this seems a very promising line of investigation. It would also be interesting to study in more generality actions based on coset models with an SL(2, Z) symmetry in the context of inflation.
We also remark that it would be natural to consider models based on hyperbolic Riemann surfaces. For example, for a genus 2 surface the modular group would be SO(2, 3, Z) and one would need to consider three parameters (τ, ρ, A) [61, 62] . One might speculate that this kind of models are relevant for de Sitter compactifications (see for example [63] ).
At the end of this section let make a phenomenological fit of the parameters of the potential, which will lead to a viable slow roll inflationary scenario. This requires that the mass parameter m and, as we discussed before, the quartic coupling are sufficiently small, which can be expressed in terms of the well known conditions of the inflationary slow roll parameters ǫ and η (see appendix C for the definition of these parameters).
For example, assuming about 60 e-foldings for inflation and in order to fit recent BICEP2 data [64] n s ∼ 0.967 , r ∼ 0.133 , (3.10)
we choose the following values for V 0 and m:
As well known, the relatively large value r of the tensor fluctuations requires a very large trans-Planckian field value for the inflaton field. For the quartic term to be smaller than the mass term, one would need to choose λ ≤ 10 −13 . We note that we can fit these number by the following choice of fluxes:
So we see that in order to fit experimental data, our simple toy model would require the fluxes to be very tiny, or in other words the order of the monodromy must be very large: N ≃ 10 5 . If this is possible in a more realistic model still has to be seen. Furthermore, as discussed already, for the necessary suppression of the quartic coupling λ, one needs that the volume of the fibre torus is smaller than the string length 2 . At the same time the small volume ρ I also enhances the field range of φ and hence a large field range for the inflaton field seems possible within the considered framework.
Conclusion
In this note we constructed explicit toy models of nongeometric string compactifications in order to understand if new terms such as nongeometric fluxes can be used for phenomenologically relevant models in cosmology. In particular, we focused on the existence of de Sitter vacua and the possibility of a trans-Planckian field excursion for an inflaton field. The latter possibility is crucial in view of recent advances in observational cosmology and in particular the detection of large tensor-to-scalar ratio by the BICEP2 collaboration [64] . As it is well appreciated, this result implies a trans-Planckian field excursion for the inflaton field, which exacerbate UV sensibility of inflation and calls for a treatment in a UV complete theory of gravity, for which string theory is our best candidate. However, obtaining such a large field excursion in string theory is known to be problematic [3] [4] [5] , and most string models give indeed prediction for a small tensor perturbation (see for example [7, 9] for recent overviews). In view of this situation, we believe that it is crucial to try to explore different corners of string theory compactifications, in order to see if these problems are generic or tied to a specific limit. In this respect, one promising approach is to explore nongeometric compactifications. These are backgrounds that do not admit an interpretation in terms of conventional geometric notions, but nonetheless their existence is well understood in string theory (a simple example are for instance Landau-Ginzburg models or asymmetric orbifolds). In this context, it is possible to obtain Minkowski vacua with moduli stabilized by fluxes (see for example [34, 35] ), which is notoriously difficult in type II supegravities. While very promising, a systematic analysis of nongeometric backgrounds is quite challenging because in general one should abandon a large volume limit and stringy effects can become important.
In this note, we took a pragmatic approach and we used recent developments in the DFT formalism to take a grip on possible effective potentials arising from nongeometric compactifications and study their vacuum structure, as well as their inflationary properties. While our results would require computing string corrections to be put on a firm ground, the perspectives that are emerging are quite interesting. We find that the presence of nongeometric fluxes can naturally lead to Minkowski minima and more efficient moduli stabilization. We also provide some evidence for the existence of de Sitter minima in this context. It would be very interesting to study more general examples and to perform a general analysis of strong energy condition violation (which is required in order to have de Sitter solutions) by nongeometric sources along the lines of [16] .
Another virtue of nongeometric background is the presence of monodromies for the moduli. We studied if this can lead to an enlargement of field ranges for a candidate inflaton field. We find that in our simple toy model, which consist in a one dimensional base and a fibered two torus, elliptic monodromies can indeed extend the field range by an amount that depends on the order of the monodromy at the orbifold point. Whether at a generic point of moduli space or for more realistic higher dimensional compactifications this field range can take larger values is an interesting problem for future investigation.
We finally analyzed a simple model with Minkowski vacuum and we tried to identify the inflaton with a combination of real and imaginary parts of the Kähler modulus. The potential for the canonically normalized inflaton field φ has a simple structure V (φ) = m 2 φ 2 + λφ 4 which for small λ is in good agreement with the simple chaotic inflation model [52] , and which provide a good fit with recent experimental data. The problem of getting a light field is related to the problem of getting a large monodromy. It is promising to see that this is indeed possible for sub-stringy values of the volume modulus, which are possible due to the elliptic monodromy. Whether this can eventually realized in a full fledged realistic mode still has to be further explored.
Our results seem to suggest that nongeometric backgrounds are good candidates to solve, or alleviate, some of the problem of string phenomenology based on geometric flux compactifications, and provide a first step toward understanding constraints on effective descriptions such as those in [21, 36, 37] . We believe however that much technological progress is still required before general nongeometric compactifications can be studied in a rigorous way.
In this arduos journey, it comes with a great pleasure that current and future experimental results in observational cosmology could provide a guide to discriminate between different models. For example, it would be interesting to ask if phenomenologically relevant vacua can arise in a corner of the string landscape compatible with perturbative calculability. • Case 1 is a S 3 with H-flux and has SO(4) as gauge group. The scalar potential of this background has an AdS minimum.
• Case 3 has SO(2,2) as gauge group and a dS minimum in its potential.
• Case 6 corresponds to the single/double elliptic cases consider for inflation in this paper.
B Generalized vielbein
In order to evaluate (2. 
C Useful relations
We recall a number of relations which are useful in relating effective potentials obtained from string compactifications to inflaton potentials. We define the string length as l s = 2π √ α ′ and the corresponding string mass as M s = l −1 s . The four dimensional reduced Planck mass (M P ∼ 2.4 × 10 8 Gev/c 2 ) is given by
where we suppose that the compact manifold has a characteristic length L and we define the dimensionless volume as V = L 6 /l 6 s . The relation between string and Planck masses is then
We also recall the standard formulae for slow roll parameters from an inflaton potential V (φ):
from which we can get the spectral index and the tensor-to-scalar ratio:
